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[Chemical Formula 2] 



(The inside of Formula, Rl , R2, As for R3sameort 
o differ, It is displayed with Cn Y2n+l (As for Y as for 
hydrogen, deuterium, or halogen and n positive 
integer off or less) alkyl group , deuteration alkyl 
group, or halogenated alkyl group , Or it is displayed 
with C6 Y5 (As for Y hydrogen , deuterium , or 
halogen ) phenyl group , deuteration phenyl group , or 
halogenated phenyl group , R.4 is displayed with C6 Y4 
(As for Y hydrogen, deuterium, or halogen) 
phenylene group , As for deuteration phenylene group , 
or halogenation phenylene group and Z as for 
thehydrogen or deuterium and m with positive number 
under 100, asfor Y entirely, or part is deuterium) with 
polymer whichpossesses repeat unit which is displayed, 
or, is copolymer whichpossesses repeat unit which is 
displayed with General Formula (Chemical formula 1) 
or (Chemical formula 2) andthe optical waveguide 
forming polymer which densely is made feature. 
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[Claim 2] Step which forms bottom layer cladding laye 
r on substrate, step which forms core portion, step 
which forms top layer cladding. In manufacturing 
method of polysiloxane-based optical waveguide which 
is included, formation of said core portion, with lighting 
of deep ultraviolet light or electron beam insolubilization 
step of polymer, manufacturing method of polysiloxane- 
based optical waveguide which it does with step of 
removal of the unnecessary part and densely makes 
feature. 



[000 1] 

[0 0 0 2] 



[Description of the Invention] 
[0001] 

[Field of Industrial Application] This invention regards u 
seable polysiloxane-based optical component and its 
manufacturing method in waveguide etc for the optical 
integrated circuit. 

[0002] 

[Prior Art] As substrate of optical component or optical 

P.3 
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fiber, light transport loss is small, material of quartz 
glass and multicomponent glass or other inorganic type 
which havethe feature that transmission band is wide, is 
widely used, but also materialof plastic is developed 
recently, is observed from fact that itis superior in point 
of fabricability and cost by comparison withthose of 
inorganic type, as material for optical waveguide where 
performance isgood plastic which is superior in 
transparency like for example polymethylmethacrylate 
(PMMA) or polystyreneis designated as core, flat plate 
mold optical waveguide which consists of core cladding 
structure which designates plastic where index of 
refraction is low in comparison withthe core component 
as cladding component is produced ( Japan Unexamined 
Patent Publication Hei 3 - 188402 number). But, with 
these conventional plastic optical waveguide, there is a 
problem that wave conduction loss and heat 
resistancedo not reach to material of inorganic type. If 
you say in regard to problem of namely, wave 
conduction loss, it transmits thelight inside waveguide in 
one end of waveguide incidence lightwhich is done total 
reflection doing inside alongside longitudinal direction,, 
but whenlight transmits, light extent which attenuation is 
done, in plasticis large with absorption or scattering of 
light by comparison with theinorganic material. 
Especially, from fact that light wavelength which is used 
for communicationis in 650 run to 1 600 nm, loss 
reduction of plastic in this wavelength region was 
necessary. In addition, if you say in regard to problem 
of heat resistance, becausethe glass transition 
temperature of plastic is generally approximately 100 
°Q as forthe upper limit of heat resistance temperature 
with 70 °C extent , designating plastic waveguide as 
practicalones, you use it was difficult densely, 
polysiloxane which in low loss is superior in heat 
resistance as material which solves these problem, over 
visible to near infrared region can be used ( Japan 
Unexamined Patent Publication Hei 3 - 43423 number), 
plastic optical waveguide is produced making use of this 
material, polysiloxane of high index of refractionwhich 
becomes polysiloxane and core of low index of 
refraction which becomes the cladding is necessary. 
First, layer of polysiloxane of low index of refraction is 
formed on substrate, next,after forming layer of 
polysiloxane of high index of refraction which becomes 
thecore on this, this layer microfabrication is done in 
desired core shape making use ofthe conventional 
microfabrication technology. Concretely, n^rtherrnore 
layer of photosensitive resist is formed with respect to 
polysiloxane layer, microfabrication of polysiloxane layer 
is done wet etching which uses the organic solvent with 
resist pattern which was formed by exposure and 
development of resist as themask, or, with dry etching 
like reactive ion etching. But, kind of difficulty which 
is expressed below accompanies microfabrication of 
polysiloxane. If namely, wet etching method is adopted, 
with organic solvent because of isotropic etching cross 
section shapeof core is processed is difficult densely in 
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[0004] 
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proper square. In addition, adopting dry etching method 
of anisotropy, although etching velocity issmall, does 
rrricrofabrication of core there was a deficiency that 
requires thelengthy. 

[0003] 

[Problems to be Solved by the Invention] As for this inv 
ention considering to this kind of present state, being 
somethingwhich it is possible, object with low loss , 
furthermore is tooffer method which produces plastic 
optical waveguide which is superior in theheat resistance, 
efficiently simply over visible to near infrared regioa 

[0004] 

[Means to Solve the Problems] If you outline this inventi 
on, as for first invention of this invention with 
theinvention regarding optical waveguide forming 
polymer, below-mentioned General Formula (Chemical 
formula 1) or (Chemical formula 2) : 

[0005] 

[Chemical Formula 1] 




[0006] 

[Chemical Formula 2] 



[0 0 0 7] Rh , R2 . R3 I4I^-XI4^ 
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[0007] (The inside of Formula, Rl , R2 , As for R3 s 
ame or to differ, It is displayed with ChY2irfi (As for 
Y as for hydrogen, deuterium, or halogen andn 
positive integer of5 or less) alkyl group , deuteration 
alkyl group, or halogenated alkyl group , Or it is 
displayed with C6 Y5 (As for Y hydrogen, deuterium, 
or halogen) phenyl group, deuteration phenyl group , 
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or halogenated phenyl group , As for R4 as for 
phenylene group , deuteration phenylene group , or 
haJogenation phenylene group and Z which are displayed 
with C6 Y4 (As for Y hydrogen , deuterium , or 
halogen ) as for hydrogenor deuterium and m with 
positive number under 1 00, as for theY entirely, or part 
is deuterium) with polymer which possessesthe repeat 
unit which is displayed, or, is copolymer which 
possesses therepeat unit which is displayed with General 
Formula (Chemical formula 1) or (Chemical formula 2), 
densely it makesfeature. And, as for second invention of 
this invention with invention regardingthe manufacturing 
method of polysiloxane-based optical waveguide, step 
which forms bottom layer cladding layer on substrate, 
step which forms core portion, step which forms top 
layer cladding. In manufacturing method of 
polysiloxane-based optical waveguide which is included, 
formation of said core portion, with limiting of deep 
ultraviolet light or electron beam insolubilization step of 
polymer. It does with step of removal of unnecessary 
part densely it makesfeature. 
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[0008] These inventors borrowing help of resist, self in 
solubilization did theresult of repeating diligent 
investigation * research in order to solve 
theaforementioned problem, unlike conventional 
polysiloxane which is processed, with the deep 
ultraviolet light, and electron beam by fact that 
polysiloxane which makes directprocessing possible is 
used, aforementioned problem can be solveddiscovered 
densely. 

[0009] With namely, this invention, Is done until recentl 
y processing to optical waveguide of polysiloxane which, 
First with formation and exposure and development of 
photosensitive resist layer formation of resist mask, Next 
because it is done making use of dry etching method like 
conventional wet etching method and thereactive ion 
etching with organic solvent, machining protocol is 
something which directlyforms core is done not only 
becoming troublesome, vis-a-vis thosewhere 
controlability and machining efficiency of waveguide 
shape quite are low, with thelighting of deep ultraviolet 
light or electron beam making use of polysiloxane which 
theinsolubilizatioa inventors of this invention, by this 
kind of polysiloxane and fact that theprocessing 
technique is adopted, maintained cross section shape of 
waveguide at theproper, improves densely discovered 
efficiency of processing. 

[0010] Optical waveguide, formation of bottom layer cla 
ddingtoon substrate, formation of the core and 
formation of top layer cladding, passing by 3 step , is 
producedwith this invention . Below , chasing order, 
more you explain optical waveguide and 
itsmanufacturing method of this invention in detail. 

[001 1] If it is something which possesses smooth surfa 
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ce as substrate in order toform bottom layer cladding, 
especially it is not limited for exanple silicon wafer , 
quartz glass, mulncomponent glass , plastic sheet , 
plastic film , ceramic , the metal sheet and mineral , or, 
combination these material can be used 

[001 2] If it is a low index of refraction by comparison 
with polysiloxane which it tries to usefor core which is 
expressed next as polysiloxane for cladding whichis 
formed on these, especially it is not limited copolymer 
and etc of those which designate for exanple 
polypheny! silsesquioxane , the poly diphenyl siloxane , 
trichlorophenyl silane and dichloro diphenylsilane as 
monomer can be used cladding layer on substrate spin 
coating after doing, dries solution whichincludes 
polysiloxane for for example above-mentioned cladding 
on substrate,it can form or, after soaking substrate in 
said solution, by drying. Regarding to namely, this 
invention, formation method of bottom layer cladding 
layer is not something whichis limited bottom layer 
cladding which is formed on substrate, with single 
composition and is goodwith mixture of polysiloxane of 
multiple. In addition, it is possible to be something 
which polysiloxane of the multiple laminates. 

[0013] C6re layer is formed on bottom layer cladding w 
hich was formed by theabove-mentioned method . Is 
necessary in order to produce polysiioxane-based optical 
waveguide of this invention as optical waveguide 
forming polymerwhich, It can use those which 
insolubilization are done in comparison with bottom layer 
cladding which is expressed on with large index of 
refraction, with lighting of the deep ultraviolet light or 
electron beam, polymer which possesses repeat unit 
which isdisplayed with aforementioned General Formula 
(Chemical formula l) or (Chemical formula 2) as that 
kind ofones, or, it can list copolymer of repeat unit 
which is displayed withthe General Formula (Chemical 
formula I) or (Chemical formula 2). Those which 
concretely, deuteration do portion of hydrogen of the for 
example chloromethylation polypheny! silsesquioxane , 
chloromethylation poly diphenyl siloxane and or other 
phenyl group can be used n decreasing, with 6 or more 
glass transition temperature of polymer becausethe 
problem occurs in heat resistance, n 5 or less is desirable. 
It forms core layer, in same way as case of bottom 
layer cladding with thedipping to in spin coating and 
solution, it is possible densely. In addition, composition 
of core layer with single and is good withmixture of 
polysiloxane of multiple, deep ultraviolet light or 
electron beam is irradiated to desired portion of core 
layer whichwas formed in this way. In case of deep 
ultraviolet light lighting, mask is repeated on core layer, 
or themask pattern is formed by sputter etc, deep 
ultraviolet light from mercury lamp and thecommercial 
exposure apparatus is irradiated In case of electron 
beam illumination, electron beam is irradiated to desired 
patterned state on thecore layer directly making use of 
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[0 0 1 5] 



electron beam drawing equipment Passing by these step , 
polysiloxane of portion where deep ultraviolet light or 
theelectron beam was irradiated does insolubilization, 
light core which wave conductionis done is formed by 
dissolution and removal doing unnecessary polysiloxane 
other than this portioa In dissolution and removal of 
unnecessary polysiloxane, method of soaking substrate 
entirety in thesolvent. method etc which solvent 
atomization is done can be used for the core layer. 

[0014] If it is a low index of refraction by corrparison 
with polysiloxane which is used for theabove-mentioned 
core as polysiloxane for top layer cladding which is 
formed onthese, especially it is not limited Same ones 
as bottom layer are used, it is desirable densely, top 
layer cladding layer spin coating after doing, dries 
solution which includes the for example above- 
mentioned polysiloxane on substrate, or, after soaking 
substratein said solution, it dries. When, forming 
bottom layer cladding such as , it can form with 
methodwhich is similar. Regarding to namely, this 
invention, formation method of top layer cladding layer 
is not something whichis limited top layer cladding 
which is formed, with single composition and is good 
with mixture ofthe polysiloxane of multiple, is possible 
to be something which polysiloxane ofthe multiple 
laminates. 



[0015] 

[Working Example(s)] Below, this invention furthermor 
e is explained concretely with Working Example ,but 
this invention is not something which is limited in these. 
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[0016] Working Example 1 

Chloromethylation poly heavy phenylsilsesquioxane ( ch 
loromethylation ratio 10 %) core component and poly 
heavy phenylsilsesquioxane optical waveguidewhich is 
made bottom layer and top layer cladding component 
was produced polymer of aforementioned 2 kinds was 
designated as methyl isobutyl ketone solutioa First 
cladding component polymer on silicon substrate coaxing 
fabric was done in thicknessof approximately 20 m 
After hearing * drying and on bottom layer cladding 
layer core component polymer coating fabricwas done 
in thickness of approximately 8 m Repeating 
photomask which possesses pattern of 8 m on this, 
after doing insolubilization process with deep ultraviolet 
light lighting, it removed core component of theportion 
which insolubilization is not done by atomization doing 
methyl isobutyl ketone,processed core portion polymer 
in straight line rectangular pattern of length 50 mm , 
width 8 m and the height 8 m Coating fabric 
doing cladding conponent on this, it acquired waveguide. 
Incidence doing light of wavelength 1 300 nm from one 
end of waveguide,when it calculated loss of waveguide 
by measuring light intensity whichcomes out of other 

P.8 
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[00 19] 
[S2] 

S 2 



end, wave conduction loss was 0.3 dB/cm or less. In 
addition, lOtimes after doing heat cycle test of -20 °C 
to 1 50 °C, increase ofvvave conduction loss could not 
recognize. 

[001 7] Working Example 2 to 4 

On silicon wafer, optical waveguide was produced in sa 
me way as Working Example 1 withthe various 
condition, in each case, core material 
chloromethylation is done designated portionof aromatic 
ring in cladding as material which. Collecting 
manufacturing condition, it shows in Table 1 and Table 
2. 

[0018] 
[Table 1] 

Table 1 

Working Example number cladding c 
hloromethylation ratio 



1 deuteration polyphenyl silsesquioxane 1 0 

% 

Double hydrogenation poly biphenyl silsesquioxane 
22% 

3 deuteration trichlorophenyl silane deuterium 

It is acquired from conversion dichloro diphenyl 
silane also 

Polymer 17% 

4 deuteration poly methylphenyl sill sesqui * * 
Sun 31 % 



[0019] 
|Table2] 

Table 2 
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Developing method of Working Example number 
olvent ^solubilization method core 



nit 



mm 



1 methyl isobutyl ketone 
lighting solvent atomization 

2 methyl isobutyl ketone 
lighting solvent atomization 

3 methyl isobutyl ketone 
lighting solvent atomization 

In 4 methylethylketone 
mination solvent dipping 



deep ultraviolet light 
deep ultraviolet light 
deep ultraviolet light 
electron beam illu 
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[0020] When wave conduction loss and heat resistance a 
re appraised with method which issimilar to Working 
Example 1 making use of optical waveguide which it 
produces, eachoptical waveguide is very low wave 
conduction loss and high heat resistance, it was verified 
densely. 

[0021] 

[Effects of the Invention] As above explained, as for pol 
ysiloxane-based optical waveguide, by comparison with 
conventional plastic optical waveguide asit possesses 
light transport characteristic which quite is superior in 
visible to near infrared region, lengthybeing exposed by 
high temperature, decrease of performance is 
littleconsiderably with this invention . Because of this, 
stabilizing part for optical integrated circuit in near 
infrared region, or,as light signal transmission medium 
between distance of several 100 m which uses light 
source forthe near infrared region, there is a benefit that 
it can use. In addition, in order to use direct waveguide 
machining protocol with insolubilization only of 
thedesired portion in production step, simplification of 
production step is possible and also,the controlability of 
waveguide shape it can improve. Namely there is a 
benefit which can form local area network or other light 
signal transmission system which is superior inthe 
economy with these polymeric material and 
manufacturing method of optical waveguide. 
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